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SUMMARY 

A limited study has been made, using analog computing equipment, 
of a man's ability to control "on instruments" an inertia with a pro- 
portional acceleration control. A single-degree-of-freedom system was 
simulated, and, at times, in order to increase the difficulty of the 
task, unrealistic disturbance inputs and system instability were used. 
The study was undertaken to evaluate performance obtained with the indi- 
cator responding to displacement and with anticipation provided by 
adding velocity and acceleration signals to the indicator. 

The summing of displacement and velocity signals improved perform- 
ance and had the effect of providing system damping. The addition of 
an acceleration signal was beneficial in some instances but was destab- 
ilizing in the absence of a velocity signal. 

INTRODUCTiOii 

There are many actual situations and an unlimited number of possi- 
ble situations in which a man is called upon to control a system or 
vehicle "on instruments" or with visual information provided by an 
instrument display. When a man is observing an instrument display and 
actuating controls, which have the effect of modifying in some fashion 
the instrument indications, his ability to obtain or maintain desired 
indications is affected by many factors. One of these factors is the 
nature of the instrument display response to control actuation. When 
the man is piloting an aircraft, the elements determining the nature 
of this response can be grouped into three categories: the control 
system, the vehicle dynamics, and the instrumentation and display sys- 
tem. It is often possible to compensate for deficiencies occurring in 
one category by suitable modifications in another. For instance, in 
automatic stabilization systems the control system is provided with 
certain dynamic characteristics to compensate for deficiencies in the 
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inherent vehicle dynamics. 
characteristics might also be effected by modiwing the instrument dis- 
play system. 

Compensation for deficient vehicle dynamic 

The most desirable relation between control and indicator, as 
dependent upon the task, has been rather extensively studied in investi- 
gations of tracking problems such as references 1 and 2. In these 
studies the term "quickening" has been applied to system modifications 
which have the effect of providing the operator with immediate knowledge 
of the results of his own actions. Provision of the proper "quickening" 
terms in tracking tasks has been found to be very important. L 

6 
Instances of present concern of man's ability to control vehicles 1 

arise for vehicles operating with very low dynamic pressure. Flight 2 
conditions with low dynamic pressure can occur in hovering flight for 
vertical-take-off vehicles or at extreme altitude for some research 
vehicles. The vehicle may then be characterized as an inertia with an 
acceleration control provided by jet reaction with negligible aero- 
dynamic contribution to stability, damping, or control. 

A brief study has been made to determine whether a man with an 
instrument task of controlling and stabilizing a vehicle with poor static c 

and dynamic stability would show improved ability with the addition of 
rate and acceleration gain to displacement indicators. A single-degree- 
of-freedom system representing a vehicle with inertia and a proportional 
acceleration control was simulated by using'analog computing equipment. 

- 

SYMBOLS 

A 

B 

C 

GC 

Gg 

instrument-signal gain ratio, Gi/Ge, sec 

instrument-signal gain ratio, Ci/Ge, sec 2 

damping, ft-lb/radians/sec 

control system gain, QC/6,, ft-lb/radians 

instrument displacement gain, Ne / €3, in. /radians 

instrument velocity gain, N i / 6 ,  in ./radians/sec 

instrument acceleration gain, WG./'e, in ./radians/sec2 

I inertia, slug- ft2 
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spring constant, f t- lb/radians 

instrument needle displacement, i n .  

vehicle displacement contribution t o  needle displacement, i n .  

vehicle veloci ty  contribution t o  needle displacement, i n .  

vehicle  accelerat ion contribution t o  needle displacement, i n .  

torque, f t - l b  

control  torque, f t - l b  

disturbance torque, f t - l b  

time, sec 

displacement, radians 

average absolute 8 error for ?-minute tasks  of control l ing 
a disturbance, radians 

veloci ty  , radians/se c 

accelerat ion,  radians/sec 2 

cont ro l le r  def lect ion,  radians 

damping r a t i o  

GENERAL REMARKS 

Many s tudies  have been made of man's performance i n  control  tasks, 
w i t h  various l e v e l s  of d i f f i c u l t y ,  with performance related t o  man's 
t r a n s f e r  function. 
t e r i s t i c s  of an instrument display for  improving c o n t r o l l a b i l i t y  can be 
obtained from the general design pr inciple  f o r  a man-machine system 
postulated i n  reference 1. 
t h a t  the t r a n s f e r  function required of t h e  man is, mathematically, 
always as simple as possible and, wherever pract icable ,  no more complex 
than t h a t  of a simple amplif ier .  

A guide t o  the  type of modification of the charac- 

That is, design the man-machine system so 
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If a man is controlling a vehicle that can be represented by an 
inertia with an acceleration control and the instrument display is con- 
ventional in the sense that displacement 'on the instrument display 
represents displacement of the vehicle, rather specialized acquired 
learning or complex mental processes are required. 
of making a change from one indicator position to another, the pilot 
must apply acceleration with the control to cause the indicator to 
acquire velocity and move toward the desired value and then apply 
reversed control in a proper sequence to obtain zero acceleration and 
velocity at the instant the indicator reaches the desired value. Thus 
the pilot is required to perform in effect a second differentiation of 
the indicator position to assess the effect of his applied control. 

If the task is that 

I f  the instrument display system was modified by the addition of 
signals dependent upon vehicle velocity and acceleration to the existing 
displacement signals that drive the instruments, the pilot's task would 
be simplified and would more nearly approximate that of a simple 
amplifier. 

With rate and acceleration gain superimposed on each displacement 
indicator and with positive acceleration, velocity, and displacement 
driving the indicator in the same direction, it might be expected that 
performance would improve because the pilot would be provided with 
anticipation. Both an extraneous reaction ,and an applied control reac- 
tion would cause an indicator movement when applied and before vehicle 
displacement had been affected. With the proper gain ratios the task 
of making a change of indicator position could be greatly simplified. 
At the start of the maneuver, application of control would soon drive 
the indicator to the desired value, mainly as a result of the accelera- 
tion and velocity signals to the indicator. If the indicator was then 
held at this value (holding this value should not be difficult inasmuch 
as an acceleration gain would provide an immediate indicator response 
to control application), the displacement would make a smooth damped 
-approach to the desired value. 

EQUIPMENT 
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The study was performed with the "pilot" or operator seated in a 
chair with a side-arm controller for right-hand operation and'with the 
instrument display about 24 inches from the operator's eyes. A system 
with a single degree of freedom allowing rotation about an axis can be 
represented by 
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where torque Q can be considered t o  be the sum of a torque Qc 
r e s u l t i n g  from control  actuat ion by the operator and an ex terna l ly  
impressed or  disturbance torque Q. Analog computing equipment was 
used t o  solve the  equation of the  single-degree-of-freedom motion of 
the simulated vehicle.  
d i t i o n  where c and k a r e  zero or i n e r t i a  with no damping or 
res tor ing  moment. A t  t i m e s  negative values of c and k w e r e  used 
t o  increase t h e  d i f f i c u l t y  of the t a s k .  

The study w a s  primarily concerned with the con- 

The side-arm cont ro l le r ,  shown i n  f igure  1, had freedom only about 
a fore-and-aft a x i s  below the gr ip .  
l i n e a r  spring r e s t r a i n t  such that a moment of fll.3 in - lb  w a s  required 
f o r  f u l l  def lec t ion  f0.67 radian.  The control  torque Qc w a s  pro- 
por t iona l  t o  cont ro l le r  def lect ion.  

The cont ro l le r  had an approximately 

The instrument display ( f i g .  2) consisted of th ree  edge-type panel 
milliammeters stacked one above another. Ordinarily two meters were 
masked and only one w a s  v i s i b l e .  
a convenient way of changlng display information. The top meter d i s -  
played displacement, pos i t ive  f o r  a needle incvernent t o  the r i g h t ,  the  
center meter ord inar i ly  displayed summed displacement and velocity,  born 
pos i t ive  t o  the  r i g h t ,  and the bottom meter displayed summed displace- 
ment, veloci ty ,  and accelerat ion,  posi t ive t o  the  r i g h t .  Movement of 
the cont ro l le r  t o  the  r i g h t  would drive the needles t o  the r i g h t .  The 
meters had a center zero and f i v e  divisions on each side of zero. The 
meter scale  faces were 2.85 inches long by 0.9 inch wide formed as a 
port ion of the surface of a ver t ica l  cylinder 4.6 inches i n  diameter. 
Although it i s  r e a l i z e d  that the  meter dynamic c h a r a c t e r i s t i c s  can be 
s i w i f i c a n t ,  i n  the discussion of method and r e s u l t s  the  needle i s  con- 
sidered as responding exact ly  t o  the agplied s igna l  voltage.  
tude response of a meter as the function of the frequency uf G sinusoi-dal 
input i s  shown i n  figure 3. Phase information w a s  not determined. 

Having three  meters ava i lab le  provided 

The ampli- 

METHOD 

Standard tasks  were used t o  evaluate the  e f f e c t s  of veloci ty  and 
acce lera t ion  gain, most of the other system parameters being kept 
constant.  

One type of t a s k  w a s  t h a t  of applying control t o  t r y  t o  keep t h e  
needle a t  zero when an ex terna l  disturbance varying with time 
w a s  present .  The other type of task w a s  t h a t  of making needle t r a n s i -  
t ions ,  s t a r t i n g  from an equilibrium condition with the  needle a t  r e s t  
a t  the t h i r d  d iv is ion  on one side of zero and applying control  t o  cause 
it t o  move and come t o  r e s t  a t  the t h i r d  d iv is ion  on t h e  other side of 
zero. No Qd w a s  present during the  t r a n s i t i o n  task .  

&d(t) 
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Many elements of the system, such as inertia and gains, were con- - sidered as having certain specific values. It can be shown that certain 
combinations of the individual elements, or scaling parameters, determine 
the system response. The fundamental factor of the instrument presenta- 
tion is considered to be (with the assumption of the perfect meter 
response) the instrument needle displacement (N inches) where 

When c = 0 and k = 0 and the system being controlled can be repre- 
sented by .. 

Ie = Q 
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and when specific values of A and B are considered and a specific 
time history of operator control is applied, the time history 

of N will be identical for identical values of - where G, is 

the control gain or torque per unit controller deflection. In addition, 
when a disturbance Qd(t) is applied the needle time history is depend- 

ent upon -, thus the operator will have' identical needle information 

and upon making identical control application will be in an identical 
situation if the ratio of Gc to some measure of the magnitude of Q 

is fixed and the time history of is fixed. 

6,(t) 
GeGc 
I 

.., %ad. 
I 

For the general case when the system being controlled is represented 
by 

15 + c6 + ke = Q 

identical situations exist if identical values of the scaling parameters 

c/I and k/I exist (in addition to identical values of the scaling 
\ 

parameters -, GeGc A, B, and 
I 

2 A l l  tasks were performed with an I of 8 slug-feet , a .Go of 
6 inches per radian, and a G, of 2.2 foot-pounds per radian. Two 
types of disturbance Qd(t) were used. One was a sine wave with a 
period of 16 seconds and a maximum amplitude of 20.7 foot-pound or an 
average absolute value of 0.446 foot-pound. The other was a random 
disturbance with an average absolute value of 0.325 foot-pound. The 
random disturbance was generated by passing the output of a Gaussian 
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noise generator (Electronic  Associates, model 201) w i t h  a power-density 
spectrum f l a t  t o  32 cycles per second through a 6 decibel  per octave 
f i l t e r  with a corner frequency of 1/4 cycle per second. The absolute 
9-devlation from zero could be i n t e p a t e d  by the  computing equipment. 
With the  task of t ry ing  t o  keep the indicator needle a t  zero, with e i ther  
disturbance, t h e  average absolute 8 error  18 l e  w a s  obtained by i n t e -  
gra t ing  f o r  a ?-minute period. The integrat ion w a s  s t a r t e d  a t  the option 
of the operator when he f e l t  confident tha t  he w a s  performing the t a s k  
as well  as possible .  

Recording equipment was used t o  obtain time-history t r a c e s  repre- 
sent ing Qc, Q, 8, and N .  All t a s k s  were performed by the same 
operator.  

RESULTS AND DISCUSSION 

Early i n  the invest igat ion it was found tha t  the  addi t ion of accel-  
e r a t i o n  and veloci ty  signals had def in i te  e f f e c t s  on the l e v e l  of per- 
formance obtained i n  the tasks. The possible range of combinations of 
var iables  w a s  very grea t ,  and only cer ta in  l imi ted  combinations and 
var ia t ions  of parameters were t r i e d .  

There are three  things that might be considered i n  evaluating the  
system performance during a task: 
(b)  the integrated 
performance as shown by recorded values, such as time h is tory  of 8 or  
average absolute e r r o r  l e l e .  Generally speaking, the three c r i t e r i a  
could be expepted t o  show the same performance t rends with system changes. 
I n  these tests equal a t t e n t i o n  w a s  not giver; t o  the th ree  c r i t e r i a .  A 
wide range of opinion w a s  experienced, ranging from impossible t o  excel- 
l e n t ,  but opinion tends t o  be a rather  e lusive i t e m  t o  evaluate.  Most 
of the evaluation w a s  based on recorded da ta .  

(a),  the  opinion of the  operator, 
I Q c l  being a measure of f u e l  consumed, and ( c )  task 

Evaluation With Specific Gain Ratios 

I n  f igures  4 t o  6 are time-history records obtained of t r a n s i t i o n s ,  
on the l e f t ,  and control of the sine-wave disturbance. The top t r a c e  
represents  Qc, t h e  second t race  represents ad, the  t h i r d  t r a c e  repre- 
sen ts  0,  and the  bottom t r a c e  represents display-needle deflection, 
surmned displacement and der ivat ive signals. In  f igures  4(a) ,  5(a),  and 
6(a)  the  display-needle t r a c e  is  not shown. I n  these instances the-needle  
w a s  driven by the displacement signal w i t h  no der ivat ive information or 
A and B, the  gain r a t i o s  of velocity t o  displacement and accelerat ion 
t o  displacement, were both zero. The needle t race  would have been almost 
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identical to the 8 trace for the recording sensitivities that were 
used since the needle trace would have contained only 8 information. 

Values of A = 0 or 2.00 and values of B = 0 or 0.33 were used, 
with the exception of figure 4(d), during the tasks of figures 4 to 6. 
The best values of the gain ratios were found to be dependent to some 
extent upon the specific task being performed. 
gain ratios are discussed later and, although not conclusively estab- 
lished as the best compromise values for a range of tasks, or the best 
values f o r  any specific task, the use of a value of 

Some effects of varying 

A = 2.00 and a 
value of B = 0.33 was found to yield generally acceptable results. L 

6 
c = 0, k = 0 (fig. 4) . - The data of figure 4 were obtained with 

c = 0 and k = 0. With A = 0, B = 0 (fig. 4(a)), the system per- 
1 
2 

formance was not very satisfactory. 
of desired values of 8 
difficult to achieve, as evident from the erratic nature of control input. 
Control input to suppress the sine-wave disturbance shows a degree of 
randomness, and the 8 trace has some rather large deviations. The mean 
absolute 8 error le(, obtained for control of the sine-wave disturb- 
ance for a -5-minute period was 0.0274 radian. 

Both transitions to and maintenance 
(on the left side of the figure) were relatively 

With A = 2.00, B = 0 (fig. 4(b)), the system performance was very 
much better than that of figure 4(a), or adding a velocity signal to the 
displacement si@al was beneficial. Transitions were easy to make. The 
first two were made with what the operator felt was the easiest and most 
comfortable procedure. Small amounts of control of rather long duration 
were used. The next two transitions show a few needle oscillations as 
the transitions were stopped. These were created by the type of transi- 
tion that was made. 
the needle was allowed to drift to the desired value, then the transi- 
tion was terminated with control pulses o r  nudges. The last two transi- 
tions were made about as quickly as possible. For all transitions the 
8 trace has the appearance of a damped approach to the desired value. 
When the task was that of controlling the sine-wave disturbance the 
system performed well. Control input was relatively smooth and of 
proper magnitude and phase and resulted in very small 
The needle trace does not show any large or rapid movements that would 
be indicative of an unsatisfactory system as apparent to the operator. 
The value of 
0.0059 radian. Integration of applied control I Qc I f o r  the sine- 
wave control task, as a measure of fuel consumed, gave a 10 percent 
higher value with no derivative summing (fig. 4(a)) than for figure 4(b). 

- 

The transitions were started with a control pulse, 

6 deviations. 

l8le (for control of the sine-wave disturbance) was 

With A = 2.00, B = 0.33 (fig. )+(e)), the record traces are very 
similar in appearance to those of figure 4(b). Changing B from 0 
to 0.33 or adding an acceleration signal did not have any pronounced 
effects in this instance. The value of lele was 0.0036 radian. L1 
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The record of figure 4(d) w i t h  A = 3.00, B = 2.00 i s  presented 
t o  show some of t h e  e f f e c t s  t h a t  could r e s u l t  when the gain r a t i o s  used 
were not close t o  optimum values. When compared w i t h  f igure  4 ( c ) ,  the 
most s ign i f icant  system change i s  the  increase of from 0.33 t o  2.00. 
Applied control  and the  8 t r a c e  do not seem t o  be s i g n i f i c a n t l y  d i f -  
fe ren t  f o r  e i t h e r  t a s k  of figures 4(d) and 4 ( c ) .  However, t h e  system of 
f igure 4(d)  i s  not as s a t i s f a c t o r y  t o  the operator and the  reason can be 
seen i n  the t r a c e  of needle def lect ion.  During t h e  t r a n s i t i o n s  there  
w a s  a pronounced impression of needle bounce. The t h i r d  and four th  
t r a n s i t i o n s ,  which were i n i t i a t e d  w i t h  a control  pulse, have a very 
s teep or  rap id  i n i t i a l  needle movement, followed by a backward movement 
and then a more gradual approach t o  the desired value. This p a t t e r n  i s  
a r e s u l t  of the high value of B or  high acce lera t ion  gain. The needle 
t r a c e  during the sine-wave control  task a l s o  depic t s  a d i f f e r e n t  needle 
behavior as it shows many small but rapid movements. The value of 

I 8 I e 

B 

w a s  0.0055 radian: 

c = -6, k = 0 ( f i g .  5 )  .- The d a t a  of f igure  5 were obtained f o r  
c = -6 and k = 0. A negative value of c (negative damping) w a s  used 
t o  increase the d i f f ? c u l t y  of the t a sk  as compared w i t h  t h a t  of f igure  4.  

0 -693 The time t o  double amplitude - w a s  0.92 second. - c / I  

With A = 0, B = 0 ( f i g .  5(a)) ,  t h e  t r a n s i t i o n  t a s k  was very d i f f i -  
c u l t .  Continuous control operation w a s  required t o  maintain approximately 
t h e  desired The sine-wave-control t a sk  w a s  impossible t o  cope with; 
the  control  input w a s  very poorly re la ted  t o  the  disturbance input and 
8 exceeded f u l l  scale  soon a f t e r  the start of the  s ine  wave and control  
w a s  l o s t .  

8. 

With A = 2.00, B = 0 ( f i g .  5 (b) ) ,  it w a s  possible  t o  perform 
t h e  tasks reasonably well .  Transitions, however, required close undi- 
vided a t t e n t i o n  and could not be made i n  a v a r i e t y  of ways as i n  f ig- 
ure 4 ( b ) .  Because of an oversight the needle t r a c e  w a s  not obtained. 
The value of 181, w a s  0.0120 radian. 

With A = 2.00, B = 0.33 ( f i g .  5 ( c ) ) ,  the performance of the 
t r a n s i t i o n  task w a s  very similar t o  that of f igure  5 ( b ) .  
smoother 
acce lera t ion  gain term improved performance on that  task.  
18 I e 

However, the  
Qc t r a c e  on the sine-wave-control t a s k  shows that  adding t h e  

The value of 
w a s  0.0062 radian.  

c = 0, k = -8 ( f i g .  6).- The data of figure 6 were obtained for  
c = 0 and k = -8. A negative value of k (negative spring constant)  
w a s  used as another way of increasing t h e  task d i f f i c u l t y  as compared 

w i t h  t h a t  of f igure 4 .  The time t o  double amplitude 0.693 w a s  rn 
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0.69 second, and a very la rge  amount of reversed cont ro l  w a s  required 
t o  maintain the desired needle def lec t ion  from zero during the  t r a n s i -  
t i o n  task.  

With A = 0, B = 0 ( f i g .  6 ( a ) ) ,  the t r a n s i t i o n  task w a s  very 
d i f f i c u l t .  The sine-wave-control t a sk  w a s  impossible t o  cope with; 
the control input w a s  very poorly r e l a t e d  t o  the disturbance input  and 
8 exceeded f u l l  s ca l e  soon a f t e r  t he  start of the s ine  wave and con- 
t r o l  was l o s t .  

With A = 2.00, B = 0 ( f i g .  6 ( b ) ) ,  t he  system performance w a s  
Transi- very much improved compared with t h a t  shown i n  figure 6(a) .  

t i o n s  required close undivided a t t e n t i o n  but  were much smoother. 
t r o l  of the s ine  wave was r e l a t i v e l y  good; 101, 

Con- 
was 0.0063 radian.  

With A = 2.00, B = 0.33 ( f i g .  6 ( c ) ) ,  the system performance 
improved, as shown by the  somewhat smoother Qc t r a c e .  Close and 
undivided a t t e n t i o n  w a s  s t i l l  required f o r  the t r a n s i t i o n  task .  Con- 
t r o l  of the  sine-wave disturbance was ( f o r  some unanalyzed reason) 
ac tua l ly  superior  t o  t h a t  of figure 4 (c ) ;  181, w a s  0.0040 radian.  
Although not  shown on f igu re  6 ( c ) ,  the  needle t r a c e  had smaller and 
more rapid movements than those of f igu re  4 ( c ) .  

L 
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Evaluation With Task of Controll ing 

Random Disturbance 

The random disturbance required a very ac t ive  cont ro l  response and 
was used t o  provide a d i f f i c u l t  con t ro l . t a sk .  

.Range of c ,  k = 0.- Control of the random disturbance w a s  eval-  
uated wi th  a range of values of c with A = 0, B = 0, k = 0 and 
w i t h  A = 2.00, B = 0.33, k = 0. Sample t r a c e s  of Qd, Qc, and 8 

are shown i n  f igu re  7 f o r  two t i m e  sca les  ( f i g s .  7(a) and 7 ( b ) )  and f o r  
t h e  two se t s  of gain r a t i o s  ( f i g s .  7 (b)  and 7( c ) )  . It can be seen t h a t  
w i t h  der ivat ive s igna ls  the  0 e r ro r  w a s  smaller and the  cont ro l  input 
w a s  much more closely related t o  the disturbance input .  

Figure 8 shows the average absolute 0 e r r o r  \ O l e  as determined 
from ?-minute t a sks  of cont ro l  of t he  random dis turbance.  
w i t h  der ivat ive information ( A  = 2.00, 
t h e  range of c tha t  w a s  used, and cont ro l  could be maintained t o  
g rea t e r  negative values of c .  

Performance 
B = 0.33)  w a s  much superior over 



Various gain r a t i o s  with c = 0 k = 0.- The values obtained f o r  
16 l e  during 5-minute control  tasks ;or various gain r a t i o s  with c = 0 
and k = 0 are presented i n  table I. Gain r a t i o s  A = 2.00, B = 0.33 
were about as s a t i s f a c t o r y  as any i n  t h i s  group and d e f i n i t e l y  superior  
t o  zero gain r a t i o s .  There i s  another instance shown, A = 0.50, 
B = 1.00, where c e r t a i n  gain r a t i o s  can have undesirable e f f e c t s ;  i n  
t h i s  instance much higher value of 
resu l ted .  

lele than tha t  w i t h  zero gain r a t i o s  

General Comments on Effect of Gain Rat ios  

One way t o  examine the system propert ies  would be t o  assume that 
the operator i s  capable of applying the cont ro l  required,  a f t e r  an 
i n i t i a l  disturbance, t o  keep the needle on zero. 
needle def lec t ion  

Then the  equation f o r  

N = Gee + AGq6 + BGeG 

would reduce t o  

which has the form of the equation of a f r e e  v ibra t ion  w i t h  viscous 
damping. 

It i s  apparent from the  form of the equation that the  t e r m  A i s  
equivalent t o  a damping coef f ic ien t  and the  term B i s  equivalent t o  

A i n e r t i a .  C r i t i c a l  damping of 6, or  [ = 1, would be obtained i f  - = 1. 

I n  r e a l i t y  the operator could not keep the  needle exact ly  on zero became 
h i s  control  input i s  the r e s u l t  of having seen a needle displacement and 
h i s  l a g  time a l s o  prevents an immediate canceling of the displacement. 
A c r i t e r i o n  i n  terms of c r i t i c a l  damping should be considered as only a 
usefu l  guide i n  examining the e f fec ts  of system parameters on t h e  per- 
formance of various tasks. 

2 6  

Another indicat ion of the  importance of gain r a t i o  
damping w a s  obtained during some t r ia ls  w i t h  no 
simple task of keeping the  needle on zero. 
B = 0.33, k = 0, and c = 0, the system performance w a s  unsat isfactory.  
Even though a t  the start it was not d i f f i c u l t  t o  keep the needle c lose 
t o  zero, a 8 o s c i l l a t i o n  developed (probably or ig ina t ing  and sustained 
by operator t i m e  l ag)  with a period of about 4 seconds and i n  about 
6 cycles 

raster of the s i t u a t i o n .  Adding damping by changing c from 0 t o  6 
d id  not suppress t h e  system osc i i la t ions .  

A 

With values of 

t o  system 

A = 0, 
and the seemingly 

6 had b u i l t  up t o  kO.07 radian, f u l l  control  w a s  being used, 
9 and t h e  operator w a s  very much aware of working hard but of not being 

A 
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The effect of gain ratios on the performance of a task which con- 
sisted of trying to keep the needle on zero with the disturbance being 
a series of pulses of 0.7 foot-pound of 3 seconds duration with 
13 seconds between the start of each pulse is shown in figure 9. Here 
again it is seen that with A = 2.00, B = 0.33 and 5 = 1.74 the 
performance was satisfactory and the 8 trace was heavily damped. When 
the gain ratios were A = 0.3 and B = 1.00, and 5 = 0.25, the 8 trace 
shows light damping with a definite decrease of performance after the 
first pulse. 

. 

L 
6 
1 
2 

Comparison of Summing and Separate Meters 

Some tests were made to provide a comparison of the performance 
obtained with a single meter presenting summed information and with two 
adjacent meters, one presenting displacement information and the other 
presenting velocity or rate information. The tasks were transitions 
and control of the sine-wave disturbance. With the separate meter dis- 
play, best results were obtained by giving primary attention to the rate 
meter. The order of performance obtained was: first, with summed dis- 
placement, velocity, and acceleration; second, with s m e d  displacement 
and velocity; third, with separate displacement and velocity. The third 
was greatly superior to the performance with displacement only. 

CONCLUDING REMARKS 

Addition of velocity and acceleration information to the displace- 
ment signal driving an indicator has improved task performance for the 
specific conditions of this study. Summing velocity and displacement 
signals improved performance and had the effect of providing system 
damping. 
instances but was destabilizing in the absence of a velocity signal. 

The addition of an acceleration signal was beneficial in some 

The limitations imposed upon the generality of the results by such 
factors as a single degree of freedom and the particular types of dis- 
play instrument, controller, imposed disturbances, and tasks evaluated 
are not known. However, even with consideration of these limitations, 
it seems that performance gains would generally be obtained by adding 
derivative information to the display instrument when a man is required 
to control a vehicle with poor stability characteristics. 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Fielc?, Va., August 13, 1959. 
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T A B U  I 

AVERAGE ABSOLUTE e ERROR FROM  M MINUTE CONTROL TASKS 

rRandom disturbance; c = 0; k = 03 
L 

Gain ratio A, 
sec 

0 

2 .oo 
2 .oo 
2 .oo 
2 .oo 
2 .oo 
2 .oo 
1.00 

50 

Gain ratio B, 
sec 2 

0 

0 

-25 

.33 

-50 

1.00 

2 .oo 
1.00 

1-00 

Average absolute 
error, lele, 

radians 

0.0169 

.0072 

.0083 

.0084, .0092 

.0086 
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Figure 2.- Instrument display meters. L-59-1823 
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Figure 9.- Traces obtained during cont ro l  of disturbance 
various gain r a t i o s .  c = 0; k = 0 .  
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